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A  Computer-Assisted  Evaluation  of  the  Thermochemica 1  Data 
of  the  Compounds  of  Thorium 
by  D.  Wagman,  R.  Schumm,  and  V.  B.  Parker 
Abstract 

Selected  values  are  given  for  the  thermochemica 1  properties  of 
the  compounds  of  thorium.     They  are  obtained  from  a  computer-assisted 
least  sums-least  squares  approach  to  the  evaluation  of  thermodynamic 
data  networks.     The  properties  given,  where  data  are  available,  are 
enthalpy  of  formation,  Gibbs  energy  of  formation,  and  entropy  at 
298.15  K  (AHf°(298),  AGf°(298),  and  S°(298)).     The  values  are  consistent 
with  the  CODATA  Key  Values  for  Thermodynamics.     The  reaction  catalog 
from  which  this  self  consistent  set  of  values  is  generated  is  given 
with  a  statistical  analysis.     Some  thermal  functions  are  also  given, 
as  well  as  detailed  comments  when  necessary. 

Kej^ords :    Data  evaluation;  enthalpyj  entropy;  Gibbs  energy;  thermo- 
chemical  data  networks;  thermochemica  1  tables;  thorium 
compounds. 
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I.     General  Description 

1,  Introduction 

This  report  presents  a  computer-assisted  comprehensive  evaluation 
of  the  thermocheraical  properties  of  compounds  of  thorium  at  298  K  that 
is  consistent  with  the  CODATA  Key  Values  for  Thermodynamics  [75COD]  . 
A  combined  least  sums-least  squares  technique  previously  described  by 
Garvin  et  al  [76GAR/PAR]  has  been  used.     This  computer-based  evaluation 
is  an  extension  of  the  CATCH  program  developed  by  J.  B.  Pedley^  Univer- 
sity of  Sussex  v7ho  used  linear  least  squares  analysis  on  enthalpy 
measurements  [69GUE/PED] . 

Thorium  represents  the  first  complete  analysis  of  an  element  and 
its  compounds  to  be  done  by  this  least  sums-least  squares  approach  to 
the  evaluation  of  thermodynamic  data  networks.    A  self  consistent  set 
of  values  for  Zfflf°,  A?f°^  and  S°  is  generated  from  the  given  reaction 
catalog.    A  detailed  analysis  of  the  values  leads  us  to  believe  that 
they  are  as  good  as  and  as  reliable  as  those  which  would  be  obtained 
in  the  traditional  sequential  method.     Comparisons  of  the  performance 
of  the  computer-assisted  method  used  here  versus  the  traditional 
method  are  given  in  [76GAR/PAR], 

A  major  advantage  of  this  method  is  the  rapid  updating  that  is 
possible  when  new  data  become  available  or  if  the  interpretation  of 
the  existing  data  must  be  revised.    Another  advantage  of  this  method 
is  that  a  translation  from  one  scale  of  auxiliary  values  (CODATA  here) 
to  the  NBS  Technical  Note  270  Scale  or  some  other  scale  can  be  made 
readily. 

cL 

References  are  given  in  a  chronologically  ordered  bibliography  at  the 
end  of  the  report.     They  are  cited  in  the  text  in  coded  form  indicating 
year  of  publication  and  the  first  two  authors. 


This  report  provides  the  following  data:  the  final  selceted  values 
for  /:^>Hf°,  AGf"  and  S"  for  the  compounds  considered  and  their  predicted 
reliabilities,  the  values  used  for  auxiliary  compounds,  a  catalog  of 
the  measurements  upon  which  the  solution  is  based,  some  newly  developed 
thermal  functions  and,  where,  needed,  comments  on  the  interpretation  of 
the  data. 

The  values  for  properties  of  auxiliary  compounds  are  either 
CODATA  selections  [75COD]  or  compatible  with  them  [75PAR/WAG]. 

The  reaction  catalog  (following  the  selected  values),  from  which 
the  solution  is  derived,  contains  the  set  of  experimental  enthalpy, 
Gibbs  energy  and  entropy  changes  at  298  K  as  well  as  entropies  at 
298  K  from  low  temperature  Cp  measurements  or  statistical  calculations. 
It  also  contains  for  each  reaction  the  initial  assigned  uncertainty, 
the  final  weighting  factor,  the  residual  (i.e.,  the  observed  minus  the 
predicted  value),  the  standard  deviation  of  the  predicted  value  (95  per 
cent  confidence  level),  a  coded  citation  to  the  Bibliography,  and, 
occasionally,  brief  comments  on  corrections  made  to  or  interpretation 
of  individual  measurements. 

User^   of  th'^  tables  and  reaction  catalog  are  invited  to  comment 
on  the  selections,  correct  errors  and  bring  new  measurements  to  our 
attention. 

2.      Explanation  of  the  Contents  of  the  Tables 

The  following  material  provides  definitions  and  conventions  used 
in  the  tables. 
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2.1  Chemical  Formulae  and  Physical  States 

The  tables  were  reproduced  from  computer  printout  in  which  only 

capital  (upper  case)  letters  are  available.     Normal  one-line  chemical 

formulae  are  used^  with  the  following  modifications: 

Subscripts  (counts  of  atoms)  and  superscripts  (charge)  are 
printed  on  line:      TH'CL'4  =  ThCl^;    TH'CL'+3  =  ThCl^ 

The  apostrophe  '  appears  after  each  letter  in  a  chemical 
sjmibol  that  would  normally  be  written  in  lower  case:    TH'N  =  ThN 

The  centered  dot^  used  in  hydrates  and  minerals^  is  shown  as 

a  colon:    TH'F4:2.5H20  =  ThF,  •2.5H^O 

4  2 

The  physical  state  of  the  substance  is  appended  to  the  chemical 
formula  in  parentheses:     TH'CL'4(C)  =  ThCl^,  crystalline 

Conventions  with  respect  to  physical  state  are  given  in  Table  A. 

2.2  Definition  of  S3mibols  for  Thermochemical  Properties 

The  headings  used  in  the  tabulated  Thermochemical  Values  have  the 

following  meanings : 

DELTA  HF  =  zXEIf",  standard  enthalpy  of  formation  at  298.15  K; 

DELTA  GF  =  Z^f°,  standard  Gibbs  energy  (formerly  free  energy),  G, 
of  formation  at  298.15  K; 

+/-  SIGMA  =  Predicted  reliability,  "one  sigma"  (see  paragraph  4.1) 

In  the  reaction  catalog  the  heading,  PROP.  MEAS.  refers  to 

A3,  and  Z^S  at  298  K  for  the  process  given;  the  S3mibols  used  are  H,  G, 

and  S;  the  symbol  S  means  S°2gg  when  it  refers  to  a  "process"  written 

without  reactants: 

=  TH'CL'4(C)  S  =  45.5  (standard  entropy  of  cryst.  ThCl,) 
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All  H  and  G  relationships  are  in  kcal/mol;  all  S  relationships  in 
cal/(mol'K). 

All  values  refer  to  one  mole  of  substance  for  the  formula  given. 

2 . 3      Conventions  Regarding  Pure  Substances 

The  values  of  the  thermodynamic  properties  of  the  pure  substances 
given  in  these  tables  are  for  the  substances  in  their  standard  states. 
These  standard  states  are  defined  as  follows: 

For  a  pure  solid  or  liquid,  the  standard  state  at  any  temperature 
is  the  substance  in  the  condensed  phase  under  a  pressure  of  one 
atmosphere. 

For  a  gas  the  standard  state  at  any  temperature  is  the  hypothetical 
ideal  gas  at  unit  fugacity,  in  which  state  the  enthalpy  is  that  of  the 
real  gas  at  the  same  temperature  and  at  zero  pressure. 

The  phase  of  a  substance  is  indicated  in  parentheses  at  the  end 
of  the  chemical  formula.     See  Table  A. 

The  values  of  AHf°  and  ASf  given  in  the  tables  represent  the 
change  in  the  appropriate  thermodynamic  quantity  when  one  mole  of 
the  substance  in  its  standard  state  is  formed,  isothermally  at  the 
indicated  temperature,  from  the  elements,  each  in  its  appropriate 
standard  reference  state.     The  standard  reference  state  at  298  K  for 
each  element  except  phosphorus  has  been  chosen  to  be  the  standard  state 
that  is  thermodynamically  stable  at  298  K  and  at  one  atmosphere  pressure. 
For  phosphorus  the  standard  reference  state  is  the  crystalline  white 
form;  the  more  stable  forms  have  not  been  well  characterized  thermo- 
chemically.    The  same  reference  states  have  been  maintained  for  the 
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elements  at  0  K  except  for  the  liquid  elements  bromine  and  mercury 
for  which  the  reference  states  have  been  chosen  as  the  stable 
crystalline  forms.    The  standard  reference  states  for  the  elements 
are  indicated  in  the  tables  by  the  fact  that  the  values  of  /SHf°  and 
Zfif°  are  exactly  zero. 

The  values  of  S°  represent  the  virtual  or  "thermal"  entropy  of 
the  substance  in  the  standard  state  at  298.15        omitting  contribu- 
tions from  nuclear  spins  and  isotopic  mixing.    Where  data  have  been 
available  only  for  a  particular  isotope^  they  have  been  corrected 
when  possible  to  the  normal  isotopic  composition. 

2 .4      Convention  Regarding  Solutions 

For  all  dissolved  substances  the  composition  of  the  solvent  is 
indicated  in  parentheses  following  the  chemical  formula.     Except  in 
special  cases ^  discussed  below,  the  number  of  moles  of  the  solvent 
associated  with  one  mole  of  solute  is  stated  explicitly.     See  Table  A 
for  the  conventions  used^ 

In  some  cases  the  concentration  of  the  solute  can  not  be  specified. 
These  are  indicated  as  "AU"  (aqueous,  unspecified)  for  water  solutions 
and  by  "U"  for  non-aqueous  and  mixed  media.     In  all  these  cases  the 
solution  may  be  assumed  to  be  "dilute". 

The  standard  state  for  a  non-dissociated  solute  in  aqueous  solution 
is  taken  as  the  hypothetical  ideal  solution  of  unit  molality,  which 
has  been  designated  as  "std.  state,  m  =  1",    For  strong  electrolytes 
in  aqueous  solution  the  conventional  standard  state  is  the  ideal 

/) 

6 


solution  of  unit  activity  (unit  mean  molality).     The  designation  "A" 
is  used  for  strong  electrolytes  in  the  standard  state  and  "AO"  for 
undissociated  species  in  water  solution.     In  non-aqueous  media  two 
standard  states  are  commonly  used.     For  the  mole  fraction  scale, 
"std.  state,        =  I",  x  is  added  to  the  formula  of  the  solvent.  For 
the  molal  scale,  "std,  state,  m  =  1",  either  s  or  M  is  appended  to 
the  formula. 

The  value  of  Z\Hf°  for  a  solute  in  its  standard  state  is  equal  to 
the  apparent  molal  enthalpy  of  formation  of  the  substance  in  the 
infinitely  dilute  real  solution,  since  the  enthalpy  of  dilution  of  an 
ideal  solution  is  zero.    At  this  dilution  the  partial  molal  enthalpy 
is  equal  to  the  apparent  molal  quantity.    At  concentrations  other 
than  the  standard  state,  the  value  of  AHf°  represents  the  apparent 
enthalpy  of  the  reaction  of  formation  of  the  solution  from  the 
elements  comprising  the  solute,  each  in  its  standard  reference  state, 
and  the  appropriate  total  number  of  moles  of  solvent.     In  this  repre- 
sentation the  value  of  AHf°  for  the  solvent  is  not  required.  The 
experimental  value  for  a  heat  of  dilution  is  obtained  directly  as  the 
difference  between  the  two  values  of  AHf°  at  the  corresponding  con- 
centrations.    At  finite  concentrations  the  partial  molal  enthalpy  of 
formation  differs  from  the  apparent  enthalpy. 

The  values  of  the  thermodynamic  properties  tabulated  for  the 
individual  ions  in  aqueous  solution  are  based  on  the  usual  convention 
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that  the  values  of  AHf°,  AGf",  S"  and  Cp"  for  H*"  (aq,  std.  state, 
m  =  1)  are  zero.     The  properties  of  a  neutral  electrolyte  in  aqueous 
solution  in  the  standard  state  are  equal  to  the  algebraic  sum  of 
these  values  for  the  appropriate  kinds  and  numbers  of  individual  ions 
assumed  to  constitute  the  molecule  of  the  given  electrolyte.    For  an 
ionic  aqueous  species  e.g.,  y  ^^'^  properties  tabulated  refer  to 

that  undissociated  ion,  i.e.  they  are  not  equal  to  the  sum  of  those 
for  its  constituent  ions.     By  adopting  the  above  convention  with 
respect  to  aqueous  H^,   it  follows  that  the  thermodynamic  relation 
^f°  =  ^*'-T(^f°  +  n-0.5S''(H2))  holds  for  individual  ionic  species, 
with  n  equal  to  the  algebraic  value  of  the  charge.     For  neutral 
electrolytes  the  normal  consistency  relationship  applies.  See 
section  4. 

3.      Unit  of  Energy  and  Fundamental  Constants 

All  of  the  energy  values  given  in  these  tables  are  expressed  in 
terms  of  the  thermochemical  calorie.     This  unit,  defined  as  equal  to 
4.184  joules  exactly,  is  generally  accepted  for  the  presentation  of 
chemical  thermodynamic  data.     Values  reported  in  other  units  have 
been  converted  to  calories  by  means  of  the  conversion  factors  for 
molecular  energy  given  in  Table  B, 

Values  in  this  report  are  consistent  with  the  CQDATA  Fundamental 
Constants  [73COD]. 

The  formula  weights  in  the  tables  have  been  calculated  from  the 
molecular  formula  using  the  1969  Table  of  Atomic  Weights  [70IUP]. 
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Values  are  given  to  four  decimal  places  for  convenience  in  the 
computer  processing. 

4 .      Internal  Consistency  of  the  Tables 

The  processes  given  in  the  reaction  catalog  have  been  obtained 
from  the  original  articles^  using  consistent  values  for  all  subsidiary 
and  auxiliary  quantities.     The  original  data  were  corrected  V7here 
possible  for  differences  in  energy  units,  molecular  V7eights,  tempera- 
ture scales,  etc.     Thus  we  have  sought  to  maintain  a  uniform  scale  of 
energies  for  all  processes  in  the  tables  and  catalog.     In  addition 
the  final  tabulated  values  of  the  properties  of  a  substance  satisfy 
all  the  known  physical  and  thermodynamic  relationships  among  these 
properties.     The  quantities  AHf°,  -AGf%  and  S°  at  298.15  K  satisfy 
the  relation: 

AGf°  =  AHf °  -TZ^f 
to  the  precision  given.     The  special  case  of  solutions  is  discussed 
in  section  2.4.     Furthermore  the  calculated  value  of  any  thennodynamic 
quantity  for  a  reaction  is  independent  of  the  path  chosen  for  the 
evaluation. 

4 . 1  Uncertainties 

The  uncertainty  reported  for  a  selected  value  is  "one  sigma"  as 
developed  in  the  final  least  squares  solution  of  the  reaction  data 
base.    The  magnitude  of  the  uncertainty  reflects  the  overall  fit  of 
the  data  in  the  entire  network.     It  is  not  an  estimate  made  by  the 
data  analyst  based  on  how  well  various  small  sections  of  the  network 
fit  together. 


These  uncertainties,  when  used  in  the  usual  "square  root  of  sum 
of  squares"  formula  overestimate  the  uncertainty  of  a  process.  This 
is  because  the  selected  values  (answers)  are  highly  correlated.  Better 
estimates  for  processes  that  are  in  the  data  network  are  provided  in 
the  listing  of  the  reaction  catalog.    These  estimates  allow  for  the 
correlations  among  values. 

Since  the  selected  values  are  computer  generated,  more  places  are 
given  than  may  be  warranted  by  the  uncertainty.    Although  these  extra 
figures  in  the  absolute  sense  are  not  significant,  the  retention  and 
use  of  these  figures  ensures  that  the  experimental  data  from  which 
these  values  are  derived  may  be  recovered  with  an  accuracy  equal  to 
that  of  the  original  quantities.     This  is  particularly  important  for 
enthalpies  of  solution,  dilution  and  transition. 

4.2      Relationship  to  Other  Tables  of  Thermodynamic  Properties 

The  chemical  thermodynamic  properties  in  the  present  table  may 
be  combined  with  those  published  by  CODATA  in  order  to  calculate  the 
change  in  a  property  for  a  process.     However,  we  recommend  against 
these  values  being  combined  with  those  in  any  other  tabulation  or 
with  a  property  reported  in  an  original  research  paper.     In  particu- 
lar, we  warn  against  indiscriminate  combination  with  the  NBS  Technical 
Note  270  Series.    A  conversion  to  the  NBS  Technical  Note  270  Scale 
will  be  made  and  included  in  that  series. 

There  are  several  reasons  for  avoiding  the  combination  of  thermo- 
chemical  data  from  more  than  one  table.    The  most  important  is  that 
different  large-scale  tables  use  different  thermochemical  propei cies 

.10 
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of  formation  for  substances  that  are  ubiquitous  in  thermochemical 
measurements.     Outstanding  examples  are  in  the  common  inorganic  acids 
and  their  ions.    Another  reason  is  that  the  groups  preparing  different 
tables  may  have  relied  on  different  measurements  as  the  basis  for 
selecting  property  values. 

It  is  difficult  to  predict  a  priori  how  a  change  in  one  selected 
formation  property  would  affect  values  assigned  to  other  substances 
because  of  the  way  these  are  linked  by  complex  networks.     In  general^ 
it  may  be  expected  that  the  advantage  of  internal  consistency  of  a 
table  will  be  lost  if  values  frcm  several  sources  are  combined  and 
the  experimental  measurements  may  be  reproduced  poorly. 

No  general,  simple  algorithm  can  be  suggested  for  overcoming 
this  problem.     If  it  becomes  necessary  to  extend  a  table  of  data  to 
substances  other  than  those  tabulated,  the  user  is  advised  to  consult 
the  group  that  prepared  the  table  about  the  procedure  that  he  plans 
to  use. 

5 .      Arrangement  of  the  Tables 

The  compounds  in  the  tables  are  entered  according  to  the  Standard 
Order  of  Arrangement,   (see  Figure  1),  by  the  principle  of  latest 
position.     In  this  scheme,  a  compound  is  listed  under  the  element 
occurring  latest  in  the  list;  water  of  hydration  is  neglected.  Within 
a  given  element^table  will  be  found  all  of  the  compounds  of  that  element 
■with  elements  occurring  earlier  in  the  order;  the  arrangement  within 
a  table  follows  the  same  ordering. 
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STANDARD  ORDER  OF  ARRANGEMENT 
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TABLE  A;    Physical  State  Conventions 


The  following  conventions  are  used  to  designate  the  physical 
state  of  a  substance.    These  apply  to  the  attached  table  and  to  the 
NBS  Thennochemica 1  Data  Bank,     This  information  appears  in  a 
parenthetical  expression  appended  to  the  molecular  formula.     Some  of 
the  explanations  imply  a  thermochemica 1  value^  particularly  those 
for  solutions.     These  normally  are  used  in  describing  enthalpy 
measurements . 

Basic  Symbols  Explanation 


(G) 
(GS) 


Gaseous,  e.g.,        HCL' (G)  for  HCJ^(g) 

Gaseous  reference  standard  state  for  an  element, 


(L) 
(LS) 


(C) 
(CS) 


e.g.,  02  (GS)  for  O^Cg) 

Crystalline,  e.g.,        NH4CL' (C)  for  m^C^(c) 
Crystalline  reference  standard  state  for  an 
element,  e.g.,        RB'(CS)  for  Rb(c) 
Liquid,  e.g.,        H20(L)  for  H20(i) 


Liquid  reference  standard  state  for  an  element. 


e.g.,        BR'2(LS)  for  Br2('^) 


(AM) 

(GL) 
(A) 


Amorphous 
Glassy 

Hypothetical  standard  state  of  the  ideal  aqueous 
solution  at  unit  activity.     For  a  neutral 
electrolyte  the  value  of  a  property  is  equal  to 
the  algebraic  sum  of  the  values  for  the  ions 


assumed  to  constitute  the  molecule  of  the 


electrolyte,  e.g.  HCL' (A)  =  ffl-(A)  +  CL'-(A).  For 
an  ionic  species  this  notation  is  commonly  used  to 
refer  to  the  undissociated  ion  as  written, 
e.g.  HSOi-(A) 
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Symbol 


Explanation 


(AO) 


Hypothetical  standard  state  of  the  ideal  aqueous 
solution  at  unit  activity  of  the  undissociated 
(non-ionized)  species,  e.g.  HF(AO),  HF2-(A0). 
May  also  be  used  whenever  the  designation  (A) 
could  be  ambiguous.     Note  that  the  descriptions 
HS04-(A)  and  HSOi-(AO)  are  equivalent,  but  that 
HF(A)  and  HF(AO)  are  not. 

Aqueous  solution  of  undefined,  but  usually 
dilute,  concentration,  e.g.  XE'03(AU). 


(AU) 


The  sjnnbols  used  above  occasionally  are  modified  by  numbers  to 
distinguish  two  substances  in  the  same  state  that  have  the  same  molecular 
weight,  as  for  isomers:  (AU2) ,   (C3).     They  are  also  used  in  combination 
with  descriptive  material,  e.g.   (C:HE'),  (C:AL')  etc.  to  mean  "crystalline, 
hexagonal",  "crystalline,  alpha  form"  etc. 

Special  notations  for  substances  in  solutions 

The  notations  for  the  "state"  of  a  substance  in  solution  may  combine 
a  definition  of  the  system,  e.g.  HC-^  in  220  moles  of  water,  and  a 
specification  of  the  thermochemical  property  associated  with  it. 
Usually  the  thermochemical  property  is  the  apparent  integral  enthalpy 
or  free  energy  of  formation  or  an  absolute  entropy,  i.e.  the  formation 
properties  of  the  solvent  are  not  included.     If  a  partial  molal  property 
is  tabulated  the  notation  D:   ("D"  for  "differential")  occurs  as  the 
first  term  in  the  state  bracket.     The  notations  given  below  illustrate 
the  differences  for  integral  and  differential  (partial  molal)  properties, 
and  extrapolated  values.    Examples  are  given  for  aqueous,  mixed,  and 
non-aqueous  solvents. 
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Symbol 

HCL'  (200H2O) 


HCL' (D:2  00H2O)  and 
H2O(D:HCL'+200H2O) 


UCL'4(HCL'O^+50H20) 


UCL'4(HCL'04+ 

50H20:AU) 


Explanat  ion 

An  aqueous  solution  of  specified  composition, 
e.g.  one  mole  of  HCjJ  in  200  moles  H2O.  The 
value  of  AHf  represents  the  apparent  integral 
enthalpy  of  formation. 

These  represent  the  partial  molal  (enthalpy)  of 
formation  of  the  substance  in  a  solution  of 
specified  concentration,  e.g.  the  partial  molal 
enthalpy  of  formation  of  HC^  and  respectively, 
in  a  solution  consisting  of  1  mole  HCj^  and  200 
moles  H2O. 

This  describes  a  solute  dissolved  in  a  mixed 

solvent,  e.g.  one  mole  of  VC£^  in  a  mixture  of 

1  mole  of  HCiO,  and  50  moles  H-0.     The  value  of 
4  2 

Atlf  represents  the  apparent  integral  enthalpy  of 
formation  of  the  substance,  UCi^,  in  the  medium. 

This  represents  a  solute  at  an  unspecified  but 
usually  dilute  concentration  in  a  solvent  mixture 
of  fixed  composition. 
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IV.  APPENDIX 


Thermal  Functions  for  Thorium  Compounds 

In  reducing  high-temperature  equilibrium  measurements  to 
values  at  298  K  we  have  made  use  of  the  thermal  functions  S°, 
(H^-H" (298)),  and  G" -H" (298) /T  for  a  number  of  thorium  compounds. 
This  section  of  the  Report  contains  tables  of  values  of  the 
functions  that  have  been  used  and  gives  sources  of  data  from  which 
the  tables  are  derived. 

Th(c)      The  high -temperature  enthalpy  measurements  of  Levinson 
[66  LEV]  from  1260-2100  K  were  fitted  empirically  to  the  following 
equations,  which  also  reproduce  the  value  of  Cp  at  298  K: 

Th(c,a):  Cp  =  6.267  ±  0.000664  T  +  7.02  x  lO'^T^  cal/mol-K  (298-1660) 

Transition  (0,0-)  =  (c,p):  AH  =  870  cal/mol  at  1653  K 
Th(c,P):  Cp  =  3.72  +  0.00288T  cal/mol-K 
Fusion  (c,P)  =  (1):  AH  =  3300  cal/mol  at  2023  K 
Th(l):     Cp  =  11.0  cal/mol-K 

The  above  equations  for  Th(c,Q')  yield  Cp  values  significantly 
lower  than  those  reported  by  Wallace  [60WAL]  and  Mitkina  [59MIT] 
and  reproduce  the  values  of  Levinson  on  Th(c,a)  more  closely  than 
the  equation  given  by  Rand  [75RAN], 

Th(g)      Calculated  from  the  75  energy  levels  to  20,000  cm  ^  given 
by  Zalubas  [68ZAL].    Up  to  2500  K  these  values  are  essentially  the 
same  as  those  given  by  Rand  [75RAN]. 

ThO(g)      Calculated  from  the  molecular  constants  given  by  Rosen 

[70ROS],  using  a  non-rigid  rotator,  anharmonic  oscillator  approximation 

and  including  contributions  from  the  higher  electronic  levels. 

This  analysis  of  the  higher  levels  is  different  from  that  used  by 

Rand  [75RAN],  and  consequently  our  values  of  S*  are  lower  than 

Rand's  by  0.01,  0.03,  and  0.54  cal'K"  'mol"    at  298,   1000,  and  2000  K, 

respectively. 
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Th02(c)      The  entropy  and  enthalpy  content  at  298  K  are  based  on 
the  measurements  of  Osborne  and  Westrum  [53  OSB/WES].     The  high 
temperature  enthalpy  data  of  Victor  and  Douglas  [61  VIC/DOU] 
(273-1173  K)  and  Hoch  and  Johnston  [61  HOC/JOH]   (1450-2750  K) 
are  well  represented  by  the  equation  given  by  Victor  and  Douglas. 
The  data  of  Hoch  and  Johnston  show  considerable  scatter  with 
respect  to  any  simple  analytical  function  in  T.     The  equation 
used  to  calculate  the  thermal  functions  is: 

Cp(cal-K"''"-mol"^)  =  17.060  +  0.001806  T  -  -^^i^^ 

T 


Th02(g)      The  molecular  constants  are  taken  fran  Gabelnick  et  al. 
[74  gab/REE]  who  demonstrated  by  isotopic  substitution  that  the 
gaseous  molecule  is  bent  with  an  apex  angle  of  122°.    The  low 
lying  frequency  is  taken  as  120  cm"-'-,  based  on  an  estimate  by 
Linevsky  [65  LIN]. 

The  available  vapor  pressure  data  on  Th02  are  not  easily 
reconciled  with  the  available  thermal  functions  but  do  satisfy 
functions  for  Th02(g)  as  a  linear  molecule. 

ThXn(g)   (X  =  F,  CI,  Br,  I,  n  =  1,  2,  3)      The  values  of  uj^  for 
ThX(g)  were  estimated  using  the  Guggenheimer  equation  [46  GUG] ; 
we  have  estimated  the  anharmonicity  constant  (JUgXg.     The  degeneracy 
of  the  ground  state  is  taken  =  4.     Values  of  r^  are  taken  from 
Krasnov  et  al  [73  KRA/MOR] ,  who  also  give  values  for  uUg. 

For  ThX2(g)  and  ThK^ig)  we  have  used  the  molecular  constants 
and  frequencies  estimated  by  Krasnov  et  al.   [73  KRA/MCHl]  for  a 
rigid-rotator-harmonic  oscillator.    As  the  ground  state  of  ThO(g) 
was  shown  to  be  ^T.,  we  have  taken  the  degeneracy  of  the  ground 
state  of  the  dihalides  to  be  unity,  whereas  we  have  estimated  the 
degeneracy  as  6  for  the  trihalides  ThX2(g). 

ThF^(c)      Values  of  S°  and  H-H(O)  at  298  K  are  based  on  the  measure- 
ments of  Lohr  et  al.   [54  LOH/OSB].     Preliminary  unpublished  high 
temperature  enthalpy  measurements  by  Dworkin  [74  DWG]  from  1200  K  - 
1420  K  were  used  to  obtain  approximate  values  of  the  enthalpy  of 
fusion  and  heat  capacities.     The  equations  used  are: 

Cp(c)  =  29.2  +  0.002  T  -  300000/t2  cal/mol-K 
AH(fusion)  =  10000  cal/mol  at  1383  K 
Cp(l)  =  32.  cal/mol«K 
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T^F^(g)      Molecular  constants  have  been  estimated  by  Krasnov  et  al. 
[73  KRA/MOR]  and  by  Rand  [75  RAN],    Calculations  using  both  sets 
of  frequencies  have  been  made  with  the  vaporization  data  of  Darnell 
and  Keneshea  [58  DAR/KEN].    A  better  fit  (Second  Law  and  Third 
Law]  is  obtained  with  Rand's  function  so  these  are  adopted  here. 

ThCl4(c)      There  are  no  good  low  temperature  heat  capacity  data 
for  ThCl4(c).     The  measurements  by  Chauvenet  [11  CHA]  near  room 
temperature  are  unreasonable.    We  have  estimated  S*'(298  K)  = 
45.5  cal'K"l»mol"l  based  on  comparisons  with  HfCl4(c),  ZrCl4(c), 
UCl4(c),  and  the  UF4(c) -ThF4(c)  difference.    We  have  accepted 
Rand's  heat  capacity  equation  [75  RAN]. 

The  enthalpy  and  temperature  of  transition  and  fusion  were 
determined  by  Chiotti  et  al.  [66  CHI /GAR], 

The  equations  used  are: 

Cp(c)  =  28.75  +  0.005561  T  -  147000/T^  cal/mol-K  [298-1042  K] 
AH  (transition)  =  1200  cal/mol  at  679  K 
AH(fusion)  =  14690  cal/mol  at  1042  K 
Cp(l)  =  40  cal/mol-K 

ThCl4(g)      The  thermal  functions  for  ThCl4(g)  are  calculated 
assuming  a  tetrahedral  molecule  (symmetry  =  12),  ground  state 
degeneracy  =  1,  and  the  Th-Cl  bond  distance  =  2.58  X.    The  frequencies 
and  degeneracies  are  taken  to  be  300(1),  70(2),  335(3),  75(3). 
The  frequency  at  335  cm"l  has  been  observed  by  Buchler  et  al. 
[61  BUC/BER] .    The  enthalpy  and  entropy  of  vaporization  data 
computed  from  the  measurements  of  Knacke  et  al.  [72  KNA/MULl] 
are  consistent  with  the  functions  given  here.    The  data  of 
Fischer  et  al.  [39  FIS/GEW]  on  the  vapor  pressure  of  ThCl4(l)  and 
(c)  are  not  very  consistent  with  the  selected  functions. 
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ThBr^Cc)      The  heat  capacity  of  the  solid  and  liquid  is  based  on 
estimated  constants  given  by  Rand  [75  RAN],    The  enthalpy  of 
fusion  is  calculated  from  the  vapor  pressure  data  of  Fischer  et  al. 
[39  FIS/GEW].    The  entropy  is  estimated.    The  equations  used  are: 

Cp(c)  =  30.5  +  0.0036  +  -  147000/T^  cal/mol-K  [298-952  K] 
AH (trans it ion)  =  1000  cal/mol  at  693  K 
AH  (fusion)  =  7000  cal/mol  at  952  K 
Cp(l)  =  41  cal/mol'K 

ThBr^(g)      The  functions  are  calculated  for  a  tetrahedral  molecule 
with  Th-Br  distance  =  2.72^  and  frequencies  205(1),  58(2),  220(3), 
72(3),  as  estimated  by  Rand  [75  RAN].    The  vapor  pressure  data 
of  Fischer  et  al.[39  FIS/GEW]  are  consistent  with  these  functions 
for  both  solid  and  liquid. 

Thl^(c)      The  thermal  functions  for  the  solid  and  liquid  were 

calculated  from  the  estimated  heat  capacity  and  enthalpy  of  fusion 

data  given  by  Rand.    The  vapor  pressure  of  the  solid  has  been 

reported  by  Landis  and  Darnell  [60  LAN/DAR;  equation  only];  data 

for  the  liquid  are  given  by  Fischer  et    al.  [39  FIS/GEW].  The 

two  sets  of  data  do  not  agree  at  the  triple  point,  and  do  not  yield 

similar  values  for  the  heat  of  sublimation  at  298  K.    If  it  is 

assumed  that  the  Landis  and  Darnell  equation,   log  P(atm)  =  10.32  -  10700/T 

should  be  log  P(atm)  =  10.32-10300/T  (misprint  in  the  report?), 

both  sets  of  data  yield  consistent  values  and  indicate  that  S°(298) 

=  61  cal'K'mol"-'-. 

The  equations  used  are: 

Cp(c)  =  31.0  +  0.0031  T  -  147000/T^  cal/mol'K  [298-839  K] 
AH(fusion)  =  11500  cal/mol  at  839  K 
Cp(l)  =  42  cal/mol-K 
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^I4^s)      The  functions  are  calculated  from  the  molecular  constants 
and  frequencies  given  by  Krasnov  et  al.  [73  KRA/MOR] .  These 
frequencies  satisfied  the  relations  given  by  Herzberg  [45  HER] 
better  than  did  those  given  by  Rand  [75  RAN]. 
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Th  (c,l) 
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7  o 

0  •  J  0 

v  . 

1  P  .  7  A 

OK'  c/ 

I  c  . 

I  c  •  010 

A7  1  » 

1  ^  .  AO 
1  •* .  07 

500 

6.  77 

1  342. 

1  6.19 

-13.51 

ov  \o 

OCT  0  <^ 

If. 

_  1  A    CI  A 

700 

7.08 

2726. 

1  8  .  52 

-1  4.62 

800 

7.25 

3442. 

19.  47 

-15.17 

900 

7.43 

41  76. 

20.34 

-1 5.70 

t  CA  rX  flL 

/  .  0  J 

47  C  7  . 

0111 

•  1  A  OCT 
—10. dv 

1  \  nn 
1  1  tdl^ 

/  .  0  J 

^  "7  01  0 

e:  1  .  0  / 

_  1  A  AS 

1 

am 

0  47  7  . 

eid  •  00 

—  1   /  .  1  4 

1 

f  J  1  <5  • 

d.  J»  dti 

—  1  7  ^0 

—  1   f  .  J7 

1 

0  "7 

0  1  0^  . 

J  •  0  4 

•  1  a    CT  1 
—  1  0  .  W  I 

1  bl^ld 

0  .  0  4 

ya  33  • 

OA      A  A 

d  4.  44 

_  «  n  >*o 

1  600 

9.13 

9931  . 

25.02 

-18.81 

1  653 

9.28 

10419. 

25.32 

-1 9.02 

=  870 

CAL/MOL 

ST=  .52632 

CAL/MOL.K 

AT  1 

1  653 

8.  48 

1  1289. 

25.85 

-19.02 

1  700 

8.  62 

1 1 691  . 

26.09 

-19.21 

1  800 

8.90 

12567. 

2  6.  59 

-19.61 

1  900 

9.19 

13472. 

27.08 

-19.99 

2000 

9.  48 

1 440  5. 

27.  56 

-20.35 

2023 

9.55 

1  4624. 

27.66 

-20 . 44 

HT=      3300   CAL/MOL  ST=    1.6312  CAL/MOL.K  AT     2023  K 
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Th  (g) 


CP  H-HC0)  S  (6-H298)/T 

CAL/MOL.K  CAL/MOL  CAL/MOL.K  CAL/MOL.K 


298 

4.969 

1  48  1  .  2 

45. 42  4 

-45. 42  4 

300 

4.9  69 

1 490  .  4 

45. 454 

-45. 425 

400 

4.982 
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46.885 

-45. 620 
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5.039 

2488.2 

48  .002 

-45.988 
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48  .  9  3 1 

-  46.  404 
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5.  388 
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49 . 743 
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40  78.  1 

50  .  48  1 
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4662.9 

51  .  1  69 
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8.  1  38 
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55.81 5 

-50.  440 

1800 
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1 1 49  6.8 

56.31 6 
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1 3308.8 

5  7.2  70 
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1  42  40  .  1 
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-51 . 649 
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58.1 64 
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2300 
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1 61 44.0 
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9.  7  46 
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-52. 490 
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-53.279 

2800 
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10. 109 
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-54.022 
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ThO  (g) 


T 

CP 

H-H<  0 ) 

S 

( G-H298 

CAL/MOL .K 

CAL/MOL 

CAL/MOL .K 

CAL/MOL 
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2109.0 
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2890.8 

59 . 60  4 

- 57 . 649 

500 

8  .  1  50 

3692 • 3 

61 .391 

-58 .225 

600 

8.353 

4518.0 

62  •  8  9  6 

-  58.88 1 

700 

8 .  50  1 

5361 . 1 

64*19  5 
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-67. 595 
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MOLECULAR   WEIGHT=  248.04 


MOLECULAR  CONSTANTS  ARE  LISTED  AS: 
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7 
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26 
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81  6. 

2 

2.26 

0 

.31817      .00124     1.9300E-7  2 

1  7998 

9 

816. 

2 

2.4 

0 

.3214     .00124     2.0420E-7  1 

18338. 

A-8 


Th02  (c) 


T 

CP 

H-H298 

S 

(G-H29( 

CAL/MOL.K 

CAL/MOL 

CAL/MOL.K 

CAL/MOl 

298 

14.77 

0. 

1  5.59 

-1 5.59 

300 

1  4.81 

27. 

1  5.68 

-1 5. 59 

400 

1  6.21 

1  58  7. 

20.  1  6 

-1 6. 19 

500 

16.96 

32  48. 

23.86 

-1 7.37 

600 

1  7.  44 

49  70. 

27.00 

-18. 72 

700 

17.81 

6733. 

29.  72 

-20.10 

800 

18.11 

8  530. 

32.  12 

-21 . 45 

900 

18.37 

10354. 

34.26 

-22. 76 

1000 

18.61 

12204. 

36.21 

-24.01 

1  100 

18.84 

1  40  7  7  . 

38.00 

-25.20 

1200 

19.05 

1  59  7 1  . 

39.65 

-26.34 

1  300 

19.26 

1  7887. 

41  .18 

-27.42 

1  400 

19.  46 

19823. 

42.  61 

-28 .45 

1  500 

19.  66 

21 779. 

43.96 

-29. 44 

1  600 

19.85 

23754. 

45.24 

-30.39 

1  700 

20.0  4 

25749. 

46.  45 

-31 .30 

1800 

20.23 

27763. 

47.  60 

-32. 1 7 

1900 

20.  42 

29796. 

48.70 

-33.02 

2000 

20.  61 

31847. 

49.  75 

-33.83 

2100 

20.80 

3391 7. 

50.  76 

-34. 61 

2200 

20.98 

36006. 

51  .  73 

-35.37 

2300 

21.17 

381  1  4. 

52.67 

-36.10 

2  400 

21  .35 

40239. 

53.57 

-36.81 

2  500 

21  .53 

4238  4. 

54.  45 

-3  7.49 

2600 

21  .  72 

44546. 

55.30 

-38. 1 6 

2700 

21  .90 

46727. 

56.12 

-38.81 

2800 

22.08 

48927. 

56.92 

-39.45 

A-9 


Th02  (g) 


T                           CP  H-H(0) 

CAL/MOL.K  CAL/MOL 

298                ,        11.317  2921.2 

300  11.334  2942.2 

400  12.110  4116.9 

500  12.621  5355.3 

600  12.955  6635.3 

700  13.180  7942.7 

800  13.336  9268.9 

900  13.448  10608.4 

1000  13.531  11957.5 

1 100  1 3. 59  3  1 331 3.9 

1200  1 3. 642  1 4675. 7 

1300  13.680  16041.9 

1  400  13.71  1  1  741  1  .  5 

1 500  1 3. 736  18783.9 

1600  13.757  20158.6 

1700  13.774  21535.1 

1800  13.788  22913.2 

1900  13.801  2  4292.7 

2000  13.811  25673.3 

2100  13.820  27054.8 

2200  1 3.828  28437. 3 

2300  13.835  29820.4 

2400  1  3.841  31204.2 

2500  13.846  32588.6 

2600  13.851  33973.5 

2700  13.855  35358.8 

2800  13.859  36744.6 

2900  13.863  38130.6 

3000  13.866  39517.1 


FREQ    787   CM-l    MULT  1 
FREQ   120  CM-l    MULT  1 
FREQ   735  CM-l   MULT  1 
MOLECULAR  WEIGHT  264.037 
SYMMETRY  2 

MOMENTS  23.486  88.795  112.281  IN  AMU  A2 
GROUND  STATE  DEGENERACY  1 


S  (G-H298)/T 
CAL/MOL.K  CAL/MOL.K 


68 . 701 

-  68  .  70  1 

68  .  7  7 1 

-68. 701 

72. 1 45 

-69.1 56 

74.906 

-70 .0  38 

77.239 

-71  .0  49 

79 .254 

-72.080 

81 .025 

-73.090 

82 . 602 

-  74.0  61 

%J         W  V  w 

-  74.98  7 

85.316 

-  7  5.8  68 

8  6  .  50 1 

-76. 706 

8  7. 59  5 

-77. 502 

88 . 61 0 

-78  .2  60 

89.557 

-78.981 

ODl  .  AAA 

-  79 • 670 

91 .278 

-80 . 329 

92 .0  66 

-80 . 9  59 

92.812 

-81 . 564 

93. 520 

-82. 1 44 

94.194 

-82. 702 

94.837 

-83.239 

9  5.452 

-83. 757 

96.041 

-84.256 

96. 606 

-84.739 

9  7  .  1  49 

-85.206 

97.672 

-85.658 

98. 1 76 

-86.096 

98. 662 

-86.521 

99. 1 32 

-86.934 

A-10 


ThF  (g) 


CP  H-H(0)  S  (G-H298)/T 

CAL/MOL.K  CAL/MOL  CAL/MOL.K  CAL/MOL.K 


298 

8.28  5 

2226.8 

61 .471 

-61  .  471 

300 

8.292 

2242. 1 

61  .523 

-61 . 472 

400 

8.  573 

3086.7 

63.951 

-61 .80 1 

500 

8.  735 

3952.8 

65.882 

-62. 430 

600 

8.839 

48  3 1  .  8 

67. 48  5 

-63. 1 43 

700 

8.912 

5719.5 

68.853 

-63.863 

800 

8.9  68 

661 3. 7 

70.047 

-64. 563 

900 

9.01  4 

7512.9 

71  .  105 

-65.232 

1000 

9.054 

841  6.  3 

72.057 

-65.868 

1  100 

9.090 

9323. 6 

72.922 

-66. 470 

1200 

9.  123 

10234.2 

73.714 

-67.041 

1  300 

9.155 

1  1  1  48  .  1 

74. 445 

-67. 582 

1  400 

9.185 

12065. 1 

75.124 

-68.097 

1  500 

9.21  5 

12985. 1 

75. 758 

-68.58  6 

1  600 

'  9.244 

13908.0 

76.353 

-69.053 

1  700 

9.273 

1 4833.8 

76.91 4 

-69. 498 

1800 

9.302 

1 5762.6 

77. 445 

-69.925 

1900 

9.  331 

1 6694.2 

77.9  48 

-70.333 

2000 

9.361 

1 7  628.8 

78. 426 

-70. 72  5 

2100 

9.  390 

18566. 4 

78.883 

-71 .102 

2200 

9.420 

19  506.9 

79.320 

-71 .465 

2300 

9.  450 

20450. 4 

79.738 

-71 .81 5 

2400 

9.  481 

21397.0 

80  .  1  40 

-72.1 53 

2500 

9.  512 

22346. 6 

80 .527 

-72. 479 

MOLECULAR  WEIGHT=  251.04 

ALPHAE  APPROXIMATED  AS  2.0386E-3  STATE  1 

DE  APPROXIMATED  AS   4( BE) t 3/ ( WE ) t 2   1.9931E-7  STATE  1 

MOLECULAR  CONSTANTS  ARE  LISTED  AS 

LEVEL*  WE*XEWE*  YEWE*  BE*  ALPHAE*  DE*  MULTIPLI  CI  TY*  V00 
I      489      4     0     .2284     2.0386E-3     1  .9931E-7     4  0 


A-11 


ThF2  (g) 


TV  CP  H-H(0)  S  (G-H298)/T 

i  CAL/MOL.K  CAL/MOL  CAL/MOL.K  CAL/MOL.K 


298 

12.527  , 

31  1  1  .  7 

70. 533 

-70. 533 

300 

12. 541 

31 34.9 

70. 61 1 

-70.534 

400 

13.064 

4418.0 

74.299 

-71 .033 

500 

13.343 

5739. 7 

77.247 

-71.991 

600 

13.50  6 

7082.9 

79.69  5 

-73.077 

700 

13.609 

8  439.0 

81  .78  5 

-74.1 75 

800 

13.677 

9803. 5 

8  3.60  7 

-75.243 

900 

13.725 

11173.7 

85.221 

-76.263 

1000 

13.7  59 

12548.0 

86.669 

-77.233 

1100 

13.785 

13925.3 

87.982 

-78.1 51 

1200 

13.805 

15304.8 

89.  182 

-79.021 

1300 

1 3.820 

1 6686. 1 

90.288 

-79.846 

1  400 

1 3.832 

18068. 7 

91  .312 

-80.629 

1  500 

1  3  .  8  42 

19452.5 

92.267 

-81 .373 

1  600 

1 3.8  50 

20837. I 

93.1 61 

-82.082 

1  700 

13.857 

22222.5 

94.001 

-82.759 

1800 

1 3.863 

23608. 5 

94. 793 

-83. 406 

1900 

13.8  68 

24995.1 

9  5. 542 

-84.025 

2000 

13.872 

26382.0 

96.254 

-84.619 

2100 

13.875 

27769.4 

96.931 

-85.189 

2200 

13.878 

29157.1 

97.576 

-85.737 

2300 

1 3.881 

30545. 1 

98.193 

-86.266 

2400 

13.884 

31933.3 

98.784 

-86.775 

2500 

1 3.886 

33321 .8 

99.351 

-87.267 

FREQ   447  CM-1   MULT  1 
FREQ   130  CM- I   MULT  1 
FREQ   483  CM-1   MULT  1 
MOLECULAR   WEIGHT  270.04 
SYMMETRY  2 

MOMENTS  137.64  25.717  163.36  IN  AMU  A2 
GROUND  STATE  DEGENERACY  1 


A-12 


ThF3  (g) 


T  CP  H-H(0) 

CAL/MOL.K  CAL/MOL 

298  17.519  4025.6 

300  17.542  40  58.0 

400  18.431  58  61  .6 

500  18.906  7730.8 

600  19.184  9636.5 

700  19.358  11564.2 

800  19. 475  1 3506.2 

900  19.556  15458.0 

1000  19.614  17416.6 

1100  19.658  19380.3 

1200  19.692  21347.9 

1300  19.718  23318.5 

1400  19.739  25291.4 

1500  19.756  27266.1 

1600  19.770  29242.5 

1700  19.781  31220.0 

1800  19.791  33198.7 

1900  19.799  35178.2 

2000  19.806  37158.5 

2100  19.812  39139.4 

2200  19.818  41120.9 

2300  19.822  43102.9 

2400  19.826  45085.4 

2500  19.830  47068.2 


FREQ  480  CM-1  MULT  1 
FREQ  140  CM-1  MULT  1 
FREQ  484  CM-1  MULT  2 
FREQ  1 56  CM- 1  MULT  2 
MOLECULAR  WEIGHT  289.033 
SYMMETRY  3 

MOMENTS  133.691  133.691  224.87  IN 
GROUND  STATE  DEGENERACY  6 


S  (G-H298)/T 


CAL/MOL.K 

CAL/MOL 

81 .072 

-81 .072 

81.181 

-81 .072 

86.363 

-81 . 773 

90.532 

-83.122 

94.006 

-84.654 

96.977 

-86.208 

99.570 

-87.  71  9 

101 .8  69 

-89. 1 66 

103.932 

-90.541 

105.804 

-91 .845 

107.51 6 

-93.081 

1 09.093 

-94.253 

1 10. 555 

-95.365 

111.918 

-96. 424 

1 13.193 

-97. 433 

1 1 4.392 

-98.395 

1 1 5.523 

-99.31 6 

1 1 6. 593 

-100. 1 97 

1 1 7.609 

-101 .043 

1 18. 576 

-101 .855 

1  1  9  .  49  7 

-102.636 

1 20.378 

-103.388 

121 .222 

-104.1 1 4 

122.032 

-104.81 5 

AMU  A2 


A-13 


ThF.   (c,] ) 


CP 

CAL/MOL .K 


H-H298 
CAL/MOL 


CAL/MOL .K 


(G-H298)/T 
CAL/MOL. K 


298 
300 

Aa0 

500 
600 
700 
800 
900 
1000 
I  100 
1  200 
1  300 
1  38  3 


26.42 
26.  47 

28.  1  3 
29.00 

29.  57 
29.99 
30.33 

30.  63 
30.90 
31  .  1  5 
31  .39 
31  .  62 
31  .81 


0. 

49. 

2789. 

5649. 

8579. 
1 1 557. 
1 4574. 
1 7  622. 
20699. 
23802. 
26929. 
30080. 
32712. 


33.95 
34.  1  1 
41  .98 
48.  3  6 
5  3.  70 
58.29 
62.32 
65.91 
69.  1  5 
72.1  1 
74.83 
77.35 
79.32 


-33.95 
-33.95 
-35.01 
-37.07 
-39. 41 
-41  .  78 
-44. 10 
-46.33 
-48.45 
-50.47 
-52.39 
-54.21 
-55.66 


HT=      10000  CAL/MOL 


1  383 
1  400 
1  500 


32.00 
32.00 
32.00 


ST=   7.2307  CAL/MOL. K 


42712. 
43256. 
46456. 


86.  55 
86.94 
89.  1  4 


AT     138  3  K 

-55.66 
-56.04 
-58. 1 7 


A- 14 


ThF4  (g) 


T 

CP 

H-H(0) 

S 

CG-H298 

CAL/MOL.K 

CAL/MOL 

CAL/MOL.K 

CAL/MOL 

298 

22.235 

4901 . 5 

81 .667 

-81 . 667 

300 

22.269 

49  42  .  6 

81  .805 

-81 . 668 

400 

23. 598 

7243.0 

88 . 41 3 

-82.560 

500 

24.  324 

9642. 5 

93. 765 

-84.283 

600 

24. 753 

12098.0 

98  .2  40 

-86.246 

700 

25.025 

14587.9 

102.078 

-88.240 

800 

25.207 

1 7100.0 

105. 432 

-90.184 

900 

25. 334 

19627.4 

108.409 

-92.047 

1000 

25. 426 

221 65. 7 

1  1  1  .083 

-93.819 

1  100 

25.  496 

24712.0 

113.510 

-95.500 

1  200 

25.  548 

27264. 3 

1 1 5. 731 

-97.095 

1  300 

25.  590 

29821 .3 

1 1 7.777 

-98.608 

1  400 

25. 623 

32382.0 

119. 675 

-100.046 

1  500 

25. 650 

34945. 7 

121 .444 

-101 . 41 4 

1  600 

25.672 

3751 1 .8 

123.100 

-102.719 

1  700 

25.690 

400  79.9 

124.657 

-103.964 

1800 

25.  705 

42649.7 

126.126 

-105. 1 55 

1900 

25. 718 

45220.9 

127.51 6 

-106.295 

2000 

25.  730 

47793.3 

1 28 .835 

-107.390 

2100 

25. 739 

50366.8 

1 30.091 

-108.441 

2200 

25. 747 

529  41  .  1 

1 31 .289 

-109.452 

2300 

25. 755 

5551 6.2 

1 32.433 

-1 10.427 

2400 

25. 761 

58092.0 

1 33. 530 

-111 .367 

2500 

25. 767 

60  6  68  .  4 

1 34.581 

-1 12.274 

FREQ  555  CM-1  MULT  1 
FHEQ  145  CM-1  MULT  2 
FREQ  51 5  CM-1  MULT  3 
FREQ  155  CM-1  MULT  3 
MOLECULAR  WEIGHT  308.0  3 
SYMMETRY  12 

MOMENTS  232.01  232.01  232.01  IN  AMU  A2 
GROUND  STATE  DEGENERACY  1 


A-15 


ThCl  (g) 

t 


T 
1 

CP 

c 

■3 

V  13   n  ^  7  o 

wrni^^  iJL/w  *r\ 

R  •  7  1 

CJ  •    f  1 

P  T  *i  ^  .  01 
£  o  3  1  .  10 

O  M  .  O  ^-  J 

—  A  Z  .  "JP 

O  •  CIO 

p  T la  -  t 

A^ . 179 

—  A  ^  .  "JP  ^ 

o  •  O  O  *J 

TP  ^Oi  .  (A 

A  A  .  9  1  01 

—  f^A.  AO 
O  M  .  O  07 

O  *  7  •J  1 

^  1  >l  1  P 

AR . R  9R 
OO  .  O  7  o 

—  A^  .  IP  "i 

6f)0 

U  C 

9  .  M  1  P 

7  •  K/  1  ^ 

701  .  ST> 

-  A  A  .  01  S9 

O  O  .  ft/  J  7 

7  •  «/  O  1 

J7  *U  .  C 

7 1  -  9PR 

r  1  •  7  &  O 

—  A  A  .  R^C^ 

O  V  C/ 

9  .  1  PI  ^ 

OO  D  i  .  O 

-  A7  .  R 

7  •  1   H  M 

7  7  01 
f  r  O  M  •  W 

7  id  .  P  1  S 

O  O  •  C  1l/  J 

I  VK/  XJ 

9  .  1  R  T 

7  •  I  O  O 

R  AROI  -  >i 
O  OO  K/  *  1 

7S  .  1  RPI 

OO  .  O  J  J 

9  .  PPCI 

9  AOIOI  - 

7  A  .  01  A 

_ CO . ^ AR 

O  7  .  MOO 

1200 

•  &  C/ 

9  •  ?  5R 

1  01  'iP  ^.  ^ 

7  A  .  R  S9 

»  701  .  01  SI 

1  '^00 

1   O  ft/  K/ 

9  .  P9  S 

7  •  ^  7  J 

1  1  ^SP  .  01 

7  7  ,  A0  1 

•    f    *  OIL/  I 

-  70 . 60P 

1   MIL/  IL/ 

7  •  J  J  J 

1  P  "^R  1  •  ^ 

7R  .  P9C1 

f  O  .  &  7  C/ 

9  .  T7P 

7R . 9 

f  O  .  7  o  J 

1  u  t> 

7  •  *4  1  1 

1  ^P     7  .  R 

- 7P . 1 00 
f  ^  .  1  ft/  ft/ 

7  •  1  J  1 

i ^oaa - Q 

1  J^vY)  .  7 

ROi  .  1  1  01 
Oc/  .  1  1  10 

- 7P . SST 

7  •  ^7<i 

lot  4o  •  I 

ROI     A  ^  1 
olo  .  OJM 

—  70     OR  7 

1  900 

9.  534 

1 7099. 4 

81 . 1 64 

-73. 403 

2000 

9.577 

18054.9 

81 . 653 

-73.802 

2100 

9.  620 

1901 4. 7 

82.1 19 

-74.186 

2200 

9  .  665 

19979.0 

82. 566 

-74. 555 

2300 

9.710 

20947. 7 

82.995 

-74.91  1 

2400 

9.  757 

21 921 . 1 

83. 408 

-75.255 

2500 

9.804 

22899. 1 

83.805 

-75.587 

MOLECULAR   WEIGHT=  267.49 

ALPHAE  APPROXIMATED  AS   6.0992E-4  STATE  1 

DE  APPROXIMATED  AS   4( BE) t 3/ (  WE )  » 2   3.3206E-8   STATE  1 

MOLECULAR   CONSTANTS  ARE  LISTED  AS 

LEVEL*  WE. XEWE» YEWE* BE* ALPHAE*  DE* MUL TIPL I  CI TY*  V00 
1      292     2     0      .08912     6.0992E-4     3.3206E-8     4  0 


A-16 


ThCl^  (g) 


T 

CP 

H-H(0) 

S 

(G-H298 

CAL/MOL.K 

CAL/MOL 

CAL/MOL.K 

CAL/MOL 

298 

13.212 

3359.9 

75. 766 

-75. 766 

300 

1 3.220 

3384. 3 

7  5  .  8  48 

-75.766 

400 

1  3  .  50  4 

4722. 4 

79.695 

-76.289 

500 

1 3. 645 

6080. 5 

82.725 

-77.284 

600 

13. 724 

7  449. 3 

85.220 

-78.40  5 

700 

13. 772 

8824. 3 

87.340 

-79.534 

800 

1 3.804 

10203.2 

89.181 

-80. 627 

900 

1 3.826 

1  1  584.8 

90.808 

-81 . 669 

1000 

13.842 

12968.2 

92.266 

-82.658 

1  100 

1 3.854 

1 4353.0 

93.586 

-83. 592 

1200 

1 3.863 

1 5738.9 

94.792 

-84. 476 

1  300 

1 3.870 

1 7125. 5 

95.901 

-85.312 

1  AQfd 

13.875 

18512.7 

96.929 

-86.106 

1  500 

1 3.880 

19900. 5 

97.887 

-86.860 

1  600 

1 3.883 

21288.6 

98. 783 

-87.577 

1  700 

13.886 

22677.1 

99.625 

-88.262 

1800 

13.889 

24065.9 

100.418 

-88.91 5 

1900 

1 3.891 

25454.9 

101 . 1 69 

-89.540 

2000 

13.893 

26844. 1 

101  .882 

-90. 1 40 

2100 

13.895 

28233. 5 

102.560 

-90. 71 5 

2200 

13.896 

29623.0 

103.206 

-91 .268 

2300 

13.897 

31012. 7 

103.824 

-91 .801 

2400 

13.898 

32  402.5 

104.41 5 

-92.31 4 

2500 

1 3.899 

33792.3 

104.983 

-92.810 

FREQ   308  CM-1   MULT  1 
FREQ  84  CM-1   MULT  1 
FREQ   31 5  CM-1   MULT  1 
MOLECULAR   WEIGHT  302.944 
SYMMETRY  2 

MOMENTS  372.8  62.09  434.89  IN  AMU  A2 
GROUND  STATE  DEGENERACY  1 


A-17 


T11C13  (g) 


CP 

H-H ( 0 ) 

S 

C  G-H298 

CAL /MOL 

CAL/MOL 

CAL/MOL .K 

CAL/MOL 

298 

18*643 

4466 . 7 

88 . 331 

-88.331 

300 

IB • 656 

450 1.2 

88 . 447 

-88 . 332 

400 

1 9 • 1 bb 

639  4. 9 

93.891 

-89.070 

500 

1  9  •  40  3 

8324. 1 

98.195 

-90 . 480 

600 

1 9 • 542 

102  11 .9 

101 .746 

-92.0  fv 

700 

19*  628 

1  2230 . 7 

%            A.  —IXC 

104.765 

-  V  3  .  6  /  4 

800 

1  9  •  63  4 

1419  6.5 

10  7. 390 

900 

1 9 • 723 

16166.9 

109.71 1 

—  76.  /  1  W 

M  r%  Hk  nt 

1  000 

1  Q  TCI 
1  7  •    f  51 

1  8  1  40  .  7 

4   t   4        *T  n  /I 

111.790 

—  Vb  .  1  I  0 

1  1 00 

1 9 • 7  72 

20 116.9 

113.674 

-99 . 446 

•  r\ 

1  200 

1  9 • 78  7 

2209  4.9 

1 1 5 . 395 

-100. 70  5 

1  300 

1  9  •  8  0  0 

2  40  7  4 »  2 

1  1  6  .  9  79 

-101.896 

1  400 

19.810 

260  54. 7 

1 18.447 

-103.027 

1  500 

1  9  •  8 1  8 

28036 . 1 

119.814 

-10  4.101 

1  600 

19.824 

30018.2 

121 .093 

-105. 123 

I  700 

19.8  30 

32000.9 

1 22.295 

-106.098 

1800 

19.834 

33984. 1 

123.429 

-107.0  33 

1900 

19.8  38 

35967. 7 

124.501 

-107.922 

2000 

19.841 

37951 . 7 

125.519 

-108. 776 

2100 

19.844 

39936.0 

126.487 

-109.597 

2200 

19.847 

41920. 5 

127. 410 

-1 10.38  6 

2300 

1  9  .  8  49 

43905.3 

128.292 

-1  1  1  . 1 45 

2  400 

19.851 

45890.2 

129.1 37 

-1 1 1 .877 

2500 

19.8  52 

47875.4 

129.9  48 

-1 12.584 

FREQ  320  CM-1  MULT  1 
FREQ  100  CM-1  MULT  1 
FREQ  333  CM-1  MULT  2 
FREQ  105  CM-1  MULT  2 
MOLECULAR  WEIGHT  338.397 
SYMMETRY  3 

MOMENTS  353.677  353.677  609.06  IN  AMU  A2 
GROUND  STATE  DEGENERACY  6 


A- 18 


ThCl^  (c,l) 


T  CP  H-H298  S  (G-H298)/T 

CAL/MOL.K  CAL/MOL  CAL/MOL.K  CAL/MOL.K 

298  28.75                            0.  45.50  -45.50 

300  28.78                          53.  45.68  -45.50 

400  30.06  3000.  54.15  -46.65 

500  30.9  4  60  52.  60.95  -48.8  5 

600  31.68  9184.  66.66  -51.36 

679  32.21  11708.  70.61  -53.37 

riT=      1200   CAL/MOL  ST=    1.7673  CAL/MOL.K  AT      679  K 

679  32.21  12908.  72.38  -53.37 

700  32.34  13585.  73.36  -53.96 

800  32.97  16851.  77.72  -56.66 

900  33.57  20179.  81.64  -59.22 

1000  34.16  23565.  85.21  -61.64 

1042  34.41  25006.  86.62  -62.62 

HT=     14690  CAL/MOL  ST=    14.098  CAL/MOL.K  AT     1 0 42  K 

1042  40.00  39696.  100.72  -62.62 

1100  40.00  42016.  102.88  -64.69 

1200  40.00  46016.  106.36  -68.02 

1300  40.00  50016.  109.57  -71.09 

1400  40.00  54016.  112.53  -73.95 

1500  40.00  58016.  115.29  -76.61 


A-19 


ThCl^  (g) 


298 
300 
400 
500 
600 
700 
800 
900 
1000 
1  100 
1200 
1  300 
1  400 
1  500 
1  600 

1  700 
1800 
1900 
2000 
2100 
2200 
2300 

2  400 
2500 


CP 

H-H  C  0 ) 

S 

C  6-H298 

CAL /MOL  •  K 

CAL  /^MOL 

CAL /MOL .K 

CAL/MOL 

24»  273 

58  1  6.  7 

95.000 

24»  290 

CO  ^  %  £. 

58  6 1  .  6 

o  c  ten 

9  5  .  1  50 

-9  5. 00 1 

24«  922 

8  326.2 

102.236 

-95.963 

2  5*237 

10835.8 

10  7.835 

-97.797 

25*  41  4 

1 3369 . 1 

112. 453 

-99 .866 

2  5. 523 

1  59  1  6.  3 

1  1  6. 380 

101 .952 

25.59  4 

18A72»A 

119. 793 

1 03.9  73 

25. 644 

21034.5 

122.810 

105. 902 

2  5.679 

23600 • 7 

125.51 4 

107. 730 

25.706 

26170.0 

1 27.963 

109 • 460 

25.726  r 

28741  .  7 

1 30 .201 

1  1  1  .096 

25.  7  42 

31  31  5.  1 

1 32.260 

1 12. 646 

25. 754 

33889.9 

1 34. 1 69 

1  1  4. 1  1  6 

25.764 

36465.9 

1 35.946 

115.513 

25.773 

39042.8 

1 3  7. 609 

1 1 6.843 

25.780 

41 620. 4 

1 39. 1 72 

1  18.  M  1 

25.78  5 

.  441 98. 7 

1 40 • 645 

1 19.322 

25.  790 

46777.4 

1 42.039 

120. 481 

25. 794 

49  356. 7 

1 43.362 

121 .592 

25. 798 

51936.3 

1 44.621 

122. 659 

25.801 

5451 6.3 

1 45.821 

123.685 

25.804 

57096. 5 

1 46.9  68 

124.673 

25.806 

59677. 1 

1  48  .067 

125.625 

25.808 

62257.8 

1  49 . 1 20 

126.544 

FREQ   300  CM-1   MULT  1 
FREQ   70   CM-1   MULT  2 
FREQ   335  CM-1    MULT  3 
FREQ   75  CM-1    MULT  3 
MOLECULAR   WEIGHT  373.85 
SYMMETRY  12 
MOMENTS   629.31  629.31 
GROUND  STATE  DEGENERACY 


629.31 
1 


IN  AMU  A2 


A-20 


ThBr  (g) 


T 

CP 

H-H(0  ) 

s 

( G-H298 

CAL/MOL.K 

CAL/MOL 

CAL/MOL .K 

CAL/MOL 

298 

8.9  52 

2452.9 

67 . 1 53 

-67.153 

300 

8.955 

2469 . 5 

67 .209 

-67. I  53 

400 

9.0  72 

3371 .2 

69 .801 

-67. 506 

500 

9.  1  64 

428  3. 1 

71  .835 

-68 . 1 75 

600 

9.2  49 

520  3.8 

73.513 

-68.928 

700 

9.  332 

61 32.8 

74.943 

-69. 686 

800 

9.  41  6 

7070.2 

76.1 93 

-70. 421 

900 

9  .  50  4 

801 6.2 

77. 305 

-71 . 1 24 

1  000 

9  .  59  5 

8971  .1 

78.308 

-71 . 790 

1  1  00 

9.  691 

9935. 4 

79.224 

-72. 422 

1  200 

9.  790 

10909. 4 

80 .069 

-  73.021 

1  300 

9.894 

1  1893. 6 

80.852 

-73. 590 

1  400 

10.003 

12888. 4 

81 . 585 

-74. 1 31 

1  500 

10.116 

1  3894.  4 

82.274 

-74. 647 

1  600 

10.234 

1  49 1  1  •  9 

82.926 

-75. 1 39 

1  700 

10.357 

1  5941  .  4 

83. 544 

-75. 609 

1800 

1  0  .  48  5 

1 6983. 5 

84. 1 33 

-76.060 

1900 

10.61 7 

18038. 5 

84.696 

-7  6. 49  3 

2000 

10. 754 

19107.0 

85.237 

-76.910 

2100 

10.895 

20189.4 

85.757 

-77.31 1 

2200 

1  1  .  0  42 

21 286. 3 

8  6.2  58 

-7  7. 69  7 

2300 

1  1  .  193 

22398.0 

86. 743 

-78.0  71 

2  400 

1 1 . 349 

23525. 1 

87.212 

-78. 432 

2500 

1 1 . 510 

24668 .0 

87.668 

-78. 782 

MOLECULAR   WEIGHT=  311.94 

ALPHAE  APPROXIMATED  AS   3.0458E-4  STATE  1 

DE  APPROXIMATED  AS   4( BE) t 3/ ( WE) t 2   7.0029E-9   STATE  1 

MOLECULAR   CONSTANTS  ARE  LISTED  AS: 

LEVEL.  WE#XEWE*  YEWE#BE*  ALPHAE*  DE*  MULTIPLI  CI  TY*  V00 
1      194     2     0      .04039      3.0458E-4     7.0029E-9      4  0 


A-21 


T  - 

CP 

H-H ( 0 ) 

S 

C  G-H298 

C AL /MOL • K 

CAL /MOL 

CAL /MOL . K 

CAL /MOL 

O  f!>  C7 

IT         Q  Q 
1  J  •  J  D  7 

T  5^  Cl  /:  T 
J  J  D  O  .  / 

81  .00  9 

-8  1.  009 

O  .'H 

1  J  •  J  O  J 

T  R  O  1  D 

81  .09  3 

11      "7  11 

47  4  O  .  D 

8  b .0  1  8 

-8  1. 543 

IT  TCI 
1  J  •   /  O  1 

^  T  O  1  A 

o  Jci  1.4 

88  .08  5 

-82 • DD6 

to    a  o  f5i 

T  T  ni  1  ^ 

90 .602 

-o  3 • 3 

1  J • o  44 

y  io  tt  4  .  9 

•o  4«  o  3  / 

lH 

O  k5 

IT  D 

1  Ic3  4  /  0  •  I 

9  4.  58  4 

•o  t>  •  9  42 

Q  iT*  iT* 

y  o  fc3 

IT    o  n  Oi 

1  1  o  3  6  .  6 

9  6.21  / 

 o  z  one 

1  ukJ  k3 

1  3  •  o  7  7 

1 32  44.0 

9  7  .  6  78 

-87.991 

1  1  e)0 

1  3  •  8  8  3 

1 4632 . 0 

99.00  1 

•OD ♦9  33 

1200 

1 3 • 88  7 

1 6020  .  6 

100.210 

_  O  Q        O  O  O 

1  300 

1 3*891 

1  7  43  9  .  5 

101.321 

Q            Z  Z  C 

- y fe^  • 6ob 

1  400 

1 3»  89  3 

18  798.7 

102.351 

-9  1. 464 

1  50  0 

1  3  •  8  9  6 

20188.1 

1 0  3 . 309 

- 92 . 222 

1  600 

1  3  •  8  9  7 

21 577.8 

10  4.206 

-92.9  43 

1  700 

1 3*899 

229  67  .  6 

1  0  5  .0  49 

-93. 631 

1800 

13*900 

24357 . 6 

1  0  5  .  8  43 

-94.28 / 

19  0  0 

13.901 

257  47.6 

10  6.595 

-94.91 5 

2000 

13.902 

27137.8 

107.308 

-95.51 7 

21  00 

13.903 

28528  .0 

107.986 

-96.095 

2200 

13.903 

2991 8  .  3 

108.633 

-96. 650 

2  300 

13.90  4 

31308.7 

109.251 

-97. 185 

2  400 

13.904 

32699.1 

109.843 

-97. 700 

2500 

13.905 

34089 . 6 

1  10.410 

-98. 1 97 

FREQ    196   CM-1    MULT  1 

FREQ    61    CM-1    MJLT  1 

FREQ   232   CM-1    MULT   1  ' 

MOLECULAR    WEIGHT  391.856 

SYMMETRY  2 

MOMENTS  123.221  956.989  1080.21  IN  AMU  A2 
GROUND  STATE  DEGENERACY  1 


A-22 


ThBr3  (g) 


T 

CP 

H-H(0) 

S 

(G-H298 

CAL/MOL.K 

CAL/MOL 

CAL/MOL.K 

CAL/MOL 

298 

19.311 

4888.  1 

96.829 

-96.829 

300 

19. 31 7 

4923.9 

9  6 .  9  49 

-96.830 

400 

19. 553 

68  69.0 

102.543 

-97.591 

500 

19. 666 

8830. 6 

1 06.920 

-99.035 

600 

19. 728 

10800. 6 

1  10.51 1 

-100.657 

700 

19. 766 

12775. 4 

1 1 3.555 

-102.288 

800 

19. 790 

1 4753. 3 

1 1 6.196 

-103.865 

900 

19.807 

16733.2 

1 18. 528 

-105.367 

1000 

19.820 

18714. 6 

120.61 6 

-106. 789 

1  100 

19.829 

20697.0 

122.505 

-108. 1 34 

1200 

19.835 

22680.2 

124.231 

- 109 . 40  4 

1  300 

19.841 

24664. 1 

125.819 

-  1  1  0  .  60  7 

1  400 

19.845 

26648 . 4 

1 27.289 

-111 .746 

1  500 

1  9  .  8  48 

28633.0 

1 28. 659 

-1 12.829 

1  600 

19.851 

30618.0 

129.9  40 

-1 1 3.859 

1  700 

19.854 

32  60  3.  3 

1  31  . 1 43 

-  1  1  4  .  8  40 

1800 

19.856 

34588. 7 

1  32.278 

-1 1 5. 778 

1900 

19.857 

36574. 4 

1  33.352 

-1 1 6.675 

2000 

19.8  59 

38  560.2 

1  34.370 

-1 1 7.534 

2100 

19.8  60 

40546. 1 

1  35.339 

-1 18.359 

2200 

19.861 

42  532. 1 

1  36.263 

-1 19.1 52 

2300 

19.8  62 

44518.3 

1  37. 1 46 

-119.915 

2  400 

19.863 

46504.5 

1 37.991 

-120.651 

2  500 

19.863 

48 490  .8 

1 38 .802 

-121 .361 

FREQ  200   CM-1   MULT  1 
FREQ   68   CM-1   MULT  1 
FREQ  223  CM-1   MULT  2 
FREQ   66  CM-1   MULT  2 
MOLECULAR    WEIGHT  471.765 
SYMMETRY  3 

MOMENTS  872.26  872.26  1563.51  IN  AMU  A2 
GROUND  STATE  DEGENERACY  6 


A-23 


ThBr^  (c,l) 


CP  H-H298  S  (G-H298)/T 

CAL/MOL.K  CAL/MOL  CAL/MOL.K  CAL/MOL.K 


298  29.92  0.  54.50  -54.50 

300  29.95  55.  54.69  -54.50 

400  31.02  3109.  63.46  -55.69 

500  31.71  6247.  70.46  -57.97 

600  32.25  9446.  76.29  -60.55 

693  32.69  12466.  80.97  -62.98 


HT=      1000  CAL/MOL 


ST=    1 . 443  CAL/MOL .K 


AT     693  K 


69  3 
700 
800 
900 
9  52 


32.  69 
32.72 

33.  1  5 
33.  56 
33.  77 


1 3466. 
1 3695. 
1 6989 . 
20325. 
22075. 


82.  42 
82.  74 
87.14 
91.07 
92.96 


62.98 
63.  1  8 
65.91 

68.  49 

69.  77 


HT=      7000  CAL/MOL 


ST=    7.3529  CAL/MOL.K 


AT     952  K 


9  52 
1  000 
1  100 
1200 
1  300 
1  400 
1  500 


41 
41 
41 
41 
41 
41 
41 


00 
00 
00 
00 

.00 
'00 
>00 


29075. 
31  043. 
351 43. 
39243. 
43343. 
47443. 
51 543. 


100. 
102. 
106. 
109. 
1  1  3. 
1  1  6. 
118. 


31 

33 

24 

81 

09 

1  3 

95 


69.  77 
71  .29 
74.29 
•77.10 
•79.75 
•82.24 
•84.  59 


A-24 


ThBr^  (g) 


T 

CP 

H-H ( 0 ) 

S 

<  G-H298 ; 

CAL/MOL  •K 

CAL/MOL 

CAL /MOL .K 

CAL/MOL 

298 

/      r\  rj  fx 

b2.2.^  .0 

1 02 . 720 

•  1 13  2  •  720 

300 

o  c    m  1 

62  1  A*  A 

1 02 .8  75 

-102. 720 

400 

2d»  39  6 

8800  .0 

1  1  0 . 1 39 

- 1 0  3 . 709 

c  fM  n 

1  1  3  48  .  2 

1 1 5.824 

-  1  0  5  .  58  4 

600 

25*  636 

1 3908  .  0 

1  20  .  49  1 

-  1  0  7  •  69  1 

700 

2 5«  688 

1 6474. 4 

124. 447 

-109. 809 

800 

2  5. 722 

1 90  45.0 

12  7.879 

-  1  1  1  .  8  bo 

900 

25. 745 

21618.4 

1 30 .91 0 

- 1 1 3.8 1 0 

I  000 

2  5.7  62 

241 93. 7 

1  33 . 62  4 

-  1  1  5. 658 

1  1  00 

25.774 

26770. 6 

1 36.080 

-  1  1  7  •  40  5 

1  200 

25. 783 

29348 . 5 

1  38 . 323 

- 1 19.0  56 

1  300 

25. 791 

31927.2 

1  40  .  38  7 

- 1 20 . 61 8 

1  400 

25. 797 

34506. 6 

1 42 .298 

- 1 22 .099 

1  500 

25.801 

37086.5 

1 44.078 

-  1  2  3  .  50  6 

1  600 

25.805 

39666.8 

1 45. 744 

-124.844 

1  700 

25.808 

42247. 5 

147.308 

-126. 120 

1800 

25.81  1 

44828 . 5 

1  48.  78  3 

-127.339 

1900 

25.813 

47  409.  7 

1 50.1  79 

-128.50  4 

2000 

25.81 5 

49991  .  1 

1 51 .503 

-129.622 

2100 

25.81 7 

52572. 7 

1 52. 763 

-130.69  4 

2200 

25.818 

551  54.5 

1 53.964 

-131 .72  4 

2300 

25.820 

57736. 4 

1 55.1 1 1 

-1  32. 71 6 

2400 

25.821 

60318. 4 

1 56.210 

-1  33. 673 

2500 

25.822 

62900.  6 

1 57.264 

-1 34.595 

FREQ  205  CM-1   MULT  1 
FREQ   58   CM-1    MULT  2 
FREQ  220   CM-1   MULT  3 
FREQ   72   CM-1    MULT  3 
MOLECULAR   WEIGHT  551.654 
SYMMETRY  12 

MOMENTS  1576.4  1576.4  1576.4  IN  AMU  A2 
GROUND  STATE  DEGENERACY  I 


A-25 


Thl  (g) 


T 

CP 

H-H(0) 

S 

( G-H298: 

CAL/MOL .K 

CAL/MOL 

CAL/MOL .K 

CAL/MOL. 

298 

8.980 

249  4.2 

68  .  9  50 

-  68  .  9  50 

300 

8.982 

2510.8 

69  .006 

-68  .950 

400 

9.066 

341 3. 4 

71  .  602 

-69. 303 

500 

9.135 

4323.5 

73. 632 

-69.973 

600 

9.  199 

5240.2 

75. 302 

-  70  .  72  5 

700 

9.2  62 

61 63.2 

76.724 

-71  .482 

800 

9.327 

7092.  7 

77.963 

-72.21 5 

900 

9.39  4 

8028.  7 

79.064 

-72.91 5 

1000 

9.464 

8971 . 6 

80.056 

-  73. 578 

1  100 

9.  536 

9921  .  5 

80.959 

-74.207 

1200 

9.611 

108  78.9 

81 . 789 

-  74.802 

1300 

9.  690 

11843.9 

82.559 

-75.367 

1  400 

9.772 

12817.0 

83.277 

-75.904 

1  500 

9.856 

13798.3 

83.951 

-76. 41 5 

1  600 

9.  944 

14788.3 

84.586 

-76.902 

1  700 

10.036 

1 5787.3 

85.188 

-77.368 

1800 

10.130 

1 6795. 5 

85.760 

-77o81 4 

1900 

10.228 

17813.4 

8  6.30  5 

-78.242 

2000 

10. 329 

18841  .2 

86.827 

-78. 654 

2100 

10. 433 

19879. 3 

87.328 

-79.050 

2200 

10.541 

20927.9 

87.810 

-79.431 

2300 

10. 651 

21 987. 5 

88 .275 

-79. 799 

2  400 

10. 765 

230  58.  3 

88. 724 

-80.  1 55 

2500 

10.883 

241  40.  7 

89.158 

-80. 500 

MOLECULAR   WEIGHT=  358.94 

ALPHAE  APPROXIMATED  AS   1.3447E-4  STATE  1 

DE  APPROXIMATED  AS   4( BE) t 3/( WE) t2  2.8410E-9  STATE  1 

MOLECULAR  CONSTANTS  ARE  LISTED  AS: 

LEVEL*  WE#XEWE*  YEWE*  BE*  ALPHAE*  DE*  MULTIPLI  CI  TY*  V00 
1      1  51      1      0      .0253      1  .3447E-4     2.8410E-9     4  0 
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Thl2  (g) 


T 

CP 

H-H(0> 

S 

( G-H298 

CAL/MOL.K 

CAL/MOL 

CAL/MOL.K 

CAL/MOL 

298 

13.713 

3691 • 1 

84.960 

-84.960 

300 

13.716 

371 6. 5 

85.045 

-84.961 

^00 

1 3. 799 

5092.8 

89.004 

-85.500 

500 

1 3.839 

6475.0 

92.088 

-86. 520 

600 

1 3.860 

7860.0 

94.  61  3 

-87. 665 

700 

13.874 

9246.8 

96. 751 

-88.81 4 

800 

13.882 

10634. 6 

98  .  60  4 

-89.925 

900 

13.888 

12023. 1 

100.239 

-90.982 

1000 

1 3.892 

1 3412. 1 

101 . 703 

-91  .982 

1  100 

1 3.895 

1 4801 .5 

103.027 

-92.927 

1200 

1 3.898 

16191  .2 

104.236 

-93.820 

1  300 

1 3.900 

1 7581 .0 

105.349 

-94. 664 

1  400 

1 3.901 

18971  .1 

106.379 

-95.465 

1  500 

1 3.902 

20361 .2 

107.338 

-96.225 

1  600 

1 3.903 

21 751 . 5 

108.235 

-96.948 

1  700 

1 3.904 

231 41 .9 

109.078 

-97. 637 

1800 

13.905 

24532.3 

109.873 

-98.295 

1900 

1 3.905 

25922.8 

1  10.62  5 

-98.924 

2000 

1 3.906 

2731 3.3 

1  1 1 .338 

-99.527 

2100 

13.906 

28703.9 

112.016 

-100. 106 

2200 

13.906 

30094.5 

1 12. 663 

-100. 662 

2300 

1 3.907 

31  485.2 

1 1 3.282 

-101.197 

2400 

13.907 

32875.9 

1 1 3.873 

-101.713 

2500 

1 3.907 

34266. 6 

1  1  4. 441 

-102.21 1 

FREQ   140  CM-1   MULT  1 
FREQ    45  CM-1   MULT  1 
FREQ   176  CM-1   MULT  1 
MOLECULAR   WEIGHT   48  5.847 
SYMMETRY  2 

MOMENTS  182.08  1753.3  1935.38  IN  AMU  A2 
GROUND  STATE  DEGENERACY  1 
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Thl3  (g) 


T 

CP 

H-H( 0 ) 

CAL /MOL • K 

CAL/MOL 

298 

1 9 • 550 

5117.7 

300 

1 9 • 553 

51 53. 9 

400 

1 9 • 690 

7117.0 

500 

1 9 • 7  55 

9089 . 7 

600 

1 9 • 790 

110  67.1 

700 

19.812 

1 30  47 . 3 

O  nt  n 

800 

1 9 •826 

1 5029 • 2 

Q  CM  nk 

900 

19.835 

1 701 2. 3 

1 000 

1  9  .  8  42 

18996.2 

1100 

19.8  47 

20980 . 7 

1  200 

19.8  51 

229  65.7 

1  300 

19.854 

2  49  51  .0 

1  400 

19.857 

26936. 5 

1  500 

1 9 .8  59 

28922 . 3 

I  600 

19.8  60 

30908.2 

1  700 

19.862 

32894.  3 

1800 

19.863 

34880. 5 

1900 

19.864 

36866.8 

2000 

19.864 

38853.2 

2100 

19.865 

40839. 7 

2200 

19.866 

42826.2 

2300 

19.866 

44812.8 

2400 

19.867 

46799. 4 

2  500 

19.867 

48786.  1 

FREQ    144  CM-1    MULT  1 
FREQ   53  CM-1   MULT  1 
FREQ    1 70   CM-1    MULT  2 
FREQ   48   CM-1   MULT  2 
MOLECULAR   WEIGHT  612.751 
SYMMETRY  3 

MOMENTS  1559.54  1559.94  2864.51  IN  AMU  A2 
GROUND  STATE  DEGENERACY  6 


S  (G-H298)/T 
CAL/MOL.K  CAL/MOL.K 


102.733 

- 1 02 • 733 

102.8  54 

-102. 734 

1  08 . 501 

- 1  03. 50  3 

1 1 2 .902 

- 104.959 

1  1 6. 508 

- 1 06. 592 

1  1  9  .  5  60 

-108.232 

1 22 .20  7 

-109.81 7 

1 24. 542 

- 1  I  1 . 326 

126. 633 

-1 12.754 

1 28 . 52  4 

-114.103 

1 30.251 

-1 1 5.378 

1  3 1  .  8  40 

-11 6.584 

1 33.312 

-1 1 7.727 

1 34. 682 

-118.812 

1 35.963 

-1 1 9.844 

1 37. 1 67 

-120.828 

1 38.30  3 

-121 . 768 

1 39.377 

-122.667 

1 40.39  6 

-123.528 

1 41 .365 

-124.354 

1 42.289 

-125. 1 49 

1  43. 1 72 

-125.91 3 

1 44.01 7 

-126.650 

1  44.828 

-127.361 
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Thl^  (c,l) 


CP 

CAU/MOL.K 


H-H298 
CAL/MOL 


CAU/MOL.K 


(G-H298)/T 
CAL/MOL. K 


298 
300 
400 
500 
600 
700 
800 
839 


30.2  7 
30.  30 


31 
31 


32 
96 


32.  45 
32.8  7 
33.25 

33.  39 


0. 

56. 

31  42. 

6308. 

9530. 
12796. 
1 6102. 
1 7  402. 


61  .00 
61.19 
70.06 
77.12 
82.99 
88.03 
92.  44 
94.03 


61  .00 
61  .00 
62.20 
64.50 
67.  1  1 
69.  75 
72.31 
73.29 


=      1 1 500 

CAL/MOL 

ST=  13.707 

CAL/MOL. K 

AT  839 

839 

42.00 

28902. 

107.73 

-73.29 

900 

42.00 

31 464. 

1  1  0  .  68 

-75. 72 

1000 

42.00 

35664. 

1 1 5. 11 

-  79 . 44 

1  100 

42.00 

39864. 

119.11 

-82.87 

1200 

42.00 

44064. 

122. 76 

-86.04 

1  300 

42.00 

48264. 

126. 1 3 

-89.00 

1  400 

42.00 

52464. 

1 29.24 

-91 . 76 

1  500 

42.00 

56664. 

1 32. 1 4 

-94.36 
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